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Introduction
Recently, the World Health Organization identified indoor and outdoor air pollution as the "world's largest single environmental health risk" [1] . The report focused on the number of deaths attributed to air pollution and acknowledged air pollution's role in the development of respiratory diseases. Millions of people suffer from preventable chronic respiratory conditions worldwide [2, 3] . Chronic respiratory conditions represent a major public health challenge in both developing and industrialized countries due to their frequency and economic impact, through increased health care cost and lost disability adjusted life years [4] .
Major preventable chronic respiratory conditions are chronic obstructive pulmonary disease (COPD), asthma, and occupational lung diseases [5] . COPD is generally characterized by the presence of chronic bronchitis or emphysema that can lead to airway obstruction [6] . Chronic bronchitis is a highly prevalent respiratory disorder, and emphysema occurs when the air sacs in the lungs are gradually destroyed [7] . Although subcutaneous emphysema and chronic bronchitis can result from repeated infections or injury in childhood or early adulthood [8] [9] [10] , asthma is the most prevalent chronic respiratory condition of childhood [11] . Respiratory symptoms are generally used to suggest the presence of acute or chronic respiratory conditions. For example, wheeze can be 2 Journal of Environmental and Public Health a symptom of asthma and COPD [12] . Dry cough can be a symptom of many conditions as well, such as asthma, COPD, pulmonary fibrosis, and rhinosinusitis [13] . In regions where diagnoses with respiratory conditions are underestimated, respiratory symptoms can serve as possible proxies.
Literature has documented the impact of several risk factors on respiratory health. For example, chronic bronchitis is associated with cigarette smoking, passive smoking, air pollution, and exposure to dust or gas [14] [15] [16] . Risk factors for developing emphysema include cigarette smoking, exposure to poorly vented cooking and heating fires, trauma, and repeated infections [8-10, 17, 18] . Air pollution, including indoor pollution and traffic exposure, and living in urban setting are associated with an increased risk of asthma in children [11, 19] . There is also strong evidence linking parental smoking with asthma in children [20, 21] .
The United Arab Emirates (UAE) is a federation of seven emirates situated in the Arabian Gulf peninsula ( Figure 1 ). The emirate of Abu Dhabi consists of three geographical regions, Abu Dhabi city, Al Ain, and the western region. While the UAE is dependent on oil production [22] , regions are diverse in their dependence on agriculture, industry, or tourism. In the last few decades, the UAE has seen tremendous growth which has improved the living conditions of its people; however, it may have created conditions that lead to health risks [22] [23] [24] [25] [26] [27] [28] [29] , such as an alarming increase in the number of cars, large developments, an increase in industrial processes, and practices such as regular fogging. Research documents high prevalence of asthma and cardiovascular diseases, which are the leading cause of overall death in the UAE [30] . Indoor air quality has been linked to asthma and wheeze in a recent 2012 study that is reported as "one of the first assessments of the relationship between indoor air pollutant exposure and health outcomes in a region where environmental health studies are rare" [31] . Indeed, health research in general in the UAE is relatively scarce, and environmental health research is in its infancy.
To our knowledge, no studies have comprehensively examined the respiratory health profile among adolescents and the possible link with air quality in the UAE. This paper addresses two main objectives: (i) determining the prevalence of chronic bronchitis, emphysema, asthma, wheeze, and dry cough among UAE adolescents and (ii) exploring predictors of these health outcomes in the UAE adolescent population.
Methods

Data
Source. This study utilizes data from the National Study of Population Health in the UAE (NSPHUAE) (2007-2009) research program that was undertaken in collaboration with the UAE Ministry of Education. A cross-sectional survey was developed and administered on 6,363 adolescents, aged 13 to 20 years, who attend public and private schools in the seven Emirates of the federation, including 9 educational zones. The researchers held training workshops for social workers, employed by the UAE Ministry of Education. The social workers administered the cross-sectional survey on students from three randomly selected classes from each participating school (one class from each of grades 10, 11, and 12). The first component of the survey was administered on the adolescent participants during a spare period in a classroom setting. Social workers collected the completed survey at the end of the defined one-hour period. The first component collected data on smoking behaviours, physical activity, self-reported medical diagnoses, symptoms in relation to respiratory health, and demographic and socioeconomic data. The second component of the survey was sent home with the student overnight, in order for the student to seek parental assistance in completing it. When the student participants returned it the following day, a participant identification code allowed it to be matched to the first component. The second component of the survey collected data related to the number of previous residences and locations, as well as residential and neighborhood characteristics (see Barakat-Haddad 2013 [32] for more detailed information).
Outcome Variables.
In addressing the first objective, five items from the questionnaire were used to determine outcome measures, including three items adopted from the International Study of Asthma and Allergies in Children (ISAAC) [33] . Participants were asked if a doctor or health professional ever told them that they have chronic bronchitis or emphysema. A section related to the ISAAC questionnaire asked participants if they ever had asthma, if they experienced wheezing or whistling in the chest in the last 12 months, and if they had a dry cough at night, apart from a cough associated with a cold or chest infection in the last 12 months (see appendix).
Explanatory Variables.
In relation to exposure to outdoor air quality, participants were classified based on their residential location in relation to the 9 geographic regions. In addition, responses to two items were used as proxies of exposure;
Journal of Environmental and Public Health 3 participants were asked whether they reside near industrial plants, gas stations, dumpsites, or construction sites and near overhead power lines or plants. Exposure to indoor air quality was assessed using responses to items that asked how often the participant is exposed to tobacco at home or with friends (daily/occasionally/not at all), whether the property of residence was built prior to 1988 (this variable was used as proxy for exposure to lead in residential paint and other construction materials that are known to impact health), whether the residence has air conditioning, how often the residence is maintained in terms of cooling equipment, air filtration, and/or air duct cleaning (yearly/as needed/rarely), the type of flooring in the main living areas (TV room, living rooms, and bedrooms) of the residence (wall-to-wall carpet/ceramic tiles/wooden floors/heavy rugs/other), the type of cooking method used (electricity/gas/microwave/other), whether the residence feels humid, whether there are pets that live in the residence, whether there are pests (e.g., cockroaches, rodents) seen in the residence (yes/sometimes/no), whether the residence is subject to use of pesticides or insecticides (yes/sometimes/no), and whether anyone in the participants' household does arts, crafts, ceramics, stained glass work, or similar hobbies on a regular basis.
Data related to the psychological and behavioral profiles of participants included whether participants were concerned about air pollution in their neighborhood, whether they ever smoked cigarettes or any form of tobacco such as shisha or midwakh, and whether they smoked cigarette, shisha, midwakh, or other tobacco products occasionally or daily in the past 30 days. Participants were categorized as current smokers if they reported occasional or daily use of at least one form of tobacco in the past 30 days. This categorization is consistent with WHO guidelines [34] . In relation to substance abuse, participants were asked if they ever used illegal drugs such as marijuana, hashish, or cocaine. In relation to unconventional drug use, respondents were asked whether they ever purposely smelled gasoline fumes, glue, correctors, car exhaust, or burning black ants. These "other" forms of substance use are common knowledge among the UAE adolescent population. A series of questions asked participants whether they participated in any of a number of activities in the past 12 months.
Data related to the participants' demographic and socioeconomic profiles include sex, type of school attended, whether the participant was born in the UAE (indicative of longterm exposure to the UAE environment), ethnicity, monthly family income, parents' education level, residential property tenure, the number of individuals who reside in household, and the number of bedrooms in residence. A residential crowding variable was calculated using the ratio for the number of individuals who reside in household over the number of bedrooms in residence. Ethnicity was classified on the basis of similar cultures, traditions, ancestral linkages, or geographical origins.
Statistical Analysis.
Data were analyzed using SPSSv20. Descriptive statistics were calculated for outcome and explanatory variables. Chi-square statistics was used to compare participants who reported health outcomes to their counterparts.
All independent variables that were significant in the bivariate analyses were entered into logistic regression models to identify significant predictors of respiratory conditions and symptoms. For each of the modeled outcomes, entry of independent variables was conducted using a significance level of ≤ 0.05. In addition, given that our outcome measures are self-reported and that multiple studies report that subcutaneous or congenital emphysema can only occur in earlier ages due to trauma, infections, or injury [8] [9] [10] , logistic regression modeling for emphysema includes other self-reported respiratory health outcomes as explanatory variables.
Results
This paper is based on responses from 6,363 adolescents aged between 13 and 20 years who reside in the UAE. Detailed information in relation to the number of schools sampled and response rate has been published elsewhere [32] . Overall, 50% of participants in this study were of local national origin and 45% of participants were male. The mean age of the study sample was 16 years. Tables 1 and 2 summarize the sociodemographic, environmental, and behavioural profiles of the study participants. The majorities of participants attend public schools (61%) and reside in the emirates of Abu Dhabi (47%) or Sharjah (18%). A high proportion of participants report residing near industrial plants/gas stations/dumpsites/ construction sites (15%), residing near overhead power lines or plants (11%), exposure to tobacco at home or with friends (40%), residential pests (e.g., cockroaches, rodents) (60%), use of pesticides or insecticides (72%), and exposure to arts/ crafts ceramics/stained glass work/similar hobbies (19%). Only 28% of participants report yearly residential maintenance of air filtration duct cleaning and over 68% report extreme, moderate, or slight concern about air pollution in their neighborhood. Overall, 14% of participants are current smokers and 29% have purposely smelled gasoline fumes, glue, correctors, car exhaust, or burning black ants.
Overall, 115 participants (1.8%) reported diagnosis with chronic bronchitis compared to 28 with emphysema (0.5%) and 776 with asthma (12.3%), 740 reported wheeze (12.2%), and 2,125 reported dry cough in the past year (34.8%) ( Table 3) . For all respiratory conditions and symptoms, the prevalence was higher in males than females, except for the prevalence of dry cough, where the prevalence was higher in females. For at least one respiratory condition or symptom, significant differences were found in relation to sex, school attended, birth in UAE, ethnicity, parents' education level, and residential property tenure (Table 3) , as well as all three proxies of outdoor air quality, 7 proxies of indoor air quality, concern over air pollution, and all behavioral variables (Table 4) .
Multivariate regression modelling reveals that geographical region and residing near industrial plant, gas station, dumpsite, or construction sites are predictors of asthma (Table 5 ). Exposure to tobacco is a predictor of asthma and respiratory symptoms. Residential humidity is a predictor of wheeze whereas exposure to residential pests (e.g., cockroaches, rodents) is a predictor of dry nocturnal cough. Having someone in the household who is regularly involved in arts/crafts/ceramics/stained glass work/similar hobby work is a predictor of both chronic bronchitis and emphysema. Concern over air pollution, having ever smoked, and purposely smelling gasoline fumes/glue/corrector/car exhaust/burning black ants are significant predictors of wheeze and dry cough. Ethnicity is a significant predictor of chronic bronchitis and asthma. Finally, diagnosis with chronic bronchitis and reporting wheeze are significant predictors of emphysema.
Discussion
Population-based health surveillance data is essential for healthcare and public health planning. Preventable chronic respiratory conditions cause premature deaths and result in decreased work productivity and negative economic impact on families, communities, and the society [5, 35] . Furthermore, the presence of respiratory conditions such as chronic bronchitis and asthma is associated with higher risk of other disorders, which can lead to increase in the overall disease burden. Our study shows that chronic bronchitis, emphysema, asthma, wheeze, and dry cough are quite prevalent among UAE adolescents and should hence be prioritized in the UAE national public health agenda. Specifically, the prevalence proportions of chronic bronchitis and emphysema obtained in our sample are comparable to those in the US for the age category 18-44 years [36] ; in addition, results of the ISAAC questionnaire in countries neighboring the UAE suggest that the prevalence of asthma among adolescents is between 5 and 10%, of wheeze between 6 and 11%, and of dry nocturnal cough below 20% [37] . Adolescents living in Abu Dhabi city and the western region of Abu Dhabi and those who reside in proximity to industrial plants/gas station/dumpsite or construction sites are more likely to have asthma. This is not surprising given that air quality has been linked to asthma, and Abu Dhabi and towns in the UAE western region such as Al Ruwais primarily generate their income through oil and gas industries, which are contributors of air pollution. It is encouraging to note that recently the Environment Agency Abu Dhabi began preparing an air-quality strategy to implement pollution limits for industries in the capital [38] . Our findings suggest that adolescents who are exposed to tobacco at home or with friends are more likely to report diagnosed asthma, wheeze, and dry cough. This is not surprising as exposure to environmental tobacco is a wellrecognized risk factor of asthma and respiratory symptoms [20, 39, 40] . This highlights the importance of supporting antitobacco messages and education campaigns targeting 6 Journal of Environmental and Public Health families and adolescents regarding the risks of tobacco use [41] . These strategies can be useful in reducing the burden of respiratory conditions in the UAE. Consistent with literature, our results suggest that adolescents who report residential humidity are also more likely to report wheeze [42] . Our findings also indicate that adolescents who have pests (e.g., cockroaches, rodents) in their residence are more likely to report dry cough. While the link between pests, a biological pollutant, and cough remains to be established, there is evidence suggesting that pests can trigger asthma [43] . Our study suggests that paraoccupational exposure to arts/crafts/ceramics/stained glass work/similar hobbies may be linked to diagnosis with chronic bronchitis and emphysema among UAE adolescents. This is not surprising, given that inhalation and exposure to dust of silica-which is a component of traditional ceramics and glass-can increase the risk of developing respiratory conditions [44, 45] . Although our results suggest that male adolescents are more likely to have diagnosed asthma, females are more likely to report dry cough which may be an indicator of undiagnosed respiratory conditions. Interestingly, research suggests that although males are more likely to have asthma in childhood Journal of Environmental and Public Health 7 Journal of Environmental and Public Health and adolescence, there may be a reversal of this sex ratio in the long-term [46, 47] . We also found variations in chronic bronchitis and asthma diagnosis in terms of ethnicity. Adolescents from the UAE, GCC, Arab/Middle East, Arab/North Africa, and western countries are more likely to have diagnosed chronic bronchitis, while adolescents from the UAE, GCC, Arab/North Africa, and western countries are more likely to report asthma. Smoking behaviour is more prevalent among Arab populations than those from South East Asia [48, 49] . This may be related to the increased burden of respiratory conditions among the Arab subpopulations. We found that adolescents who are concerned about air pollution in their neighbourhood are more likely to report wheeze and dry cough. Consistent with literature findings, our results suggest that smoking and ever purposely smelling gasoline fumes, glue, correctors, car exhaust, or burning black ants are predictors of wheeze and dry cough [10, [50] [51] [52] . Given the high availability of tobacco products, the social acceptance of smoking in the UAE, and the high prevalence of tobacco use among UAE adolescents [40] , local strategies to curb this behaviour are commended to reduce the burden of respiratory conditions among UAE adolescents. In the UAE, although there is zero tolerance for illegal drug use and harsh judicial penalties, adolescents often choose to smoke burning ants, which are high in formic acid, as it is a legal alternative to smoking marijuana [53] . This highlights the importance of developing education campaigns to inform adolescents regarding the health threats of using unconventional drugs such as purposely smelling gasoline fumes, glue, correctors, car exhaust, or burning black ants. This study was subject to several limitations. Data are self-reported and may have been subject to response bias. Specifically, the health outcomes derived did not account for the type of health outcomes; for example, we did not request information on the type of emphysema reported. This is particularly relevant given that emphysema tends to be common among older smokers but is not usually observed among adolescents. However, given that multiple studies report that subcutaneous or congenital emphysema can occur in earlier ages due to trauma, infections, or injury, we opted for exploring the link between emphysema and explanatory variables while including respiratory outcomes in the latter. Sampling led to lower representations of adolescents who attend private schools in Dubai and among males who reside in the UAQ. This is relevant as the population of Dubai consists of a large proportion of expatriates; hence, results related to the expatriate population in Dubai are likely to be biased. Importantly, our study does not account for the actual distances of participants' residences from industrial plants, gas stations, dumpsites, construction sites, overhead power lines, or plants, which could modify the relationship between exposure to poor air quality and health outcomes. Furthermore, response to the self-administered survey may have been influenced by the presence of social workers, with the possibility of underreporting of tobacco use among females given social norms. Despite these limitations, this study contributed to knowledge of a detailed profile and environmental predictors of respiratory conditions and symptoms among UAE adolescents that is crucial for public health planning.
